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I n t ro d u c t i o n
Pathogen plagues and weeds cause low productivity and economic damage to the agri c u lt u re. Pesticides are an important way of cont rol, but its extensive usage can cause damage to human beings exposed occupationally or by intake of contaminated water and food.
Pesticides include seve ral categories of f u n g i c i d e s, insecticides, herbicides and others. Some fungicides include metals in its form u l ation, like copper, manganese, aluminum and z i n c. Besides clinical effects, seve ral metals h a ve been described as dose dependent clastogenics and/or mutagenics: aluminium (Roy et al., 1990 (Roy et al., , 1991 , copper (Flessel, 1977) , stannic c h l o ride (Ga n g u l y, 1993), manganese ( Jo a rd a r & Sh a rma, 1990), and zinc (Deknudt, 1982) . Some pesticides showed no detectable effect. O rganic pesticides can cause chromosome damage and seve ral clinical symptoms to humans. T h e re are many descriptions about the aneugenic, clastogenic, and sister-c h romatid exchange effect of isolated pesticides. Desi et al. (1990) described an increase in the frequency of hypodiploid cells in work e r s occupationally exposed to pesticides. De Fe rra ri et al. (1991) studying exposed individuals and bladder cancer patients who we re exposed to pesticides, observed a significant increase in the frequencies of chromosomal aberra t i o n s and sister-c h romatid exchanges in both g ro u p s. Su r rallés et al. (1995) studying the induction of m i c ronuclei of five py re t h roid insecticides in whole-blood and isolated human lymphocyte c u l t u re s, found clear dose dependent cytotox i c e f f e c t s. They also found different genotoxic activity in vitro, depending of the py re t h roid insecticide used.
It is usual in the agri c u l t u ral area to mix chemicals to treat the cultures against plagues. T h e re is no description of cytogenetic, tox i c ological and clinical studies in humans exposed to some pesticides to observe possible synergistic effect, especially in individuals we a ri n g p ro t e c t i ve garm e n t s.
In our project, the participants agreed to p a rticipate in the investigation by signing a document. The Un i versity Medical Ethical Co u ncil has approved the re s e a rch pro j e c t .
Material and methods
We have studied 34 male individuals, 24 being exposed and 10 contro l s, with mean age of 29.37 ± 9.01 and 39.00 ± 11.90 years old, re s p e ct i ve l y. The exposed group worked at a citru s A g ri c u l t u ral Company located at the Bo t u c a t u , State of Sao Pa u l o, Brazil. Du ring the pesticides application, the workers used pro t e c t i ve garm e n t s, rubber glove s, masks, and hats. T h e pesticides used we re form i c i d e s, insecticides, fungicides and herbicides, alone or in mixture. In f o rmation on personal data, clinical signals, h i s t o ry of contact with pesticides, smoking and d rinking habits, recent illnesses and tre a tments was obtained by a physician of our team d u ring the clinical examinations. They also used an adequate pro t o c o l .
From each individual, 10 ml of peri p h e ra l blood was collected for the toxicological and cytogenetic studies.
Zinc and manganese dosages we re made using an atomic spectrophotometer (GBC 932 AA with atomization by flame) and the dosage of the acetylcholinesterase activity in the plasma was made with a spectro p h o t o m e t e r 382 ( Mi c ronal) with 412nm wavelength. T h e dosages we re perf o rmed at the Tox i c o l o g i c a l Assistance Center (CEATOX), Biosciences In s t it u t e, Paulista State Un i ve r s i t y, Botucatu, São Pa u l o, Bra z i l .
The dosages of the hepatic enzymes glutamate oxalacetic transaminase (GOT), alkaline phosphatase (AP) and glutamate py ru v i c t ransaminase (GPT ) we re made by a pri va t e l a b o ra t o ry.
The cultures for cytogenetic studies we re made as described by the Mo o rh e a d's (1960) t e c h n i q u e, with some modifications. Ly m p h ocytes we re cultivated at 37 o C in 3 ml of RPMI 1640 (Gibco) medium, supplemented with 10% of fetal calf serum and 0.1 ml of PH A -M ( Gibco). The cells we re harvested after 48 h o u r s. Hypotonization was carried with 0.007 mM KCl and the fixation with methanol/acetic acid (3:1). The slides we re air dried, s t o red at 4 o C and stained with Gi e m s a .
The slides we re coded and examined in a blind test. Chromosomal aberration fre q u e ncies we re determined for 24 exposed individua l s, and the clinical examinations and the tox icological tests we re perf o rmed for 16 of them.
The mitotic index (percent of cells in metaphase) was estimated in 100 cells/re p l ic a t e. The frequencies of numerical and stru ct u ral chromosome aberrations (bre a k / g a p, f ragment, ring, centric fusion and re a r ra n g ement) we re determined in 100 metaphases/in-
Statistic evaluation was made using the "t" test for metals and enzyme dosages. The va lues for chromosome break, centro m e ric bre a k and mitotic index we re analysed by the Ma n nWhitney U test, a non-para m e t ric appro a c h indicated when the exact distribution of the va riables is unknown (Ca r rano & Na t a ra j a n , 1 9 8 8 ) .
R e s u l t s
The individual data about ra c e, age, period of exposition, smoking and drinking habits, and clinical symptoms of the exposed and contro l STUDIES IN RURAL WORKERS EXPOSED TO PESTICIDES 1 1 1 g roups are shown in Table 1 . Se ve ral chara c t e ristics of both groups are shown in Table 2 .
The individual cytogenetic results of both g roups are in Table 3 and the mean and median data for aberrations are shown in Table 4 . The exposed group showed an increased frequency of stru c t u ral chromosome aberra t i o n s. Statistical analyses of the total break, cent ro m e ric breaks and Mitotic Index are shown in Table 5 . Table 1 Individual characteristics of the groups studied. Table 2 General information about the gro u p s .
C o n t ro l E x p o s e d
Number of individuals 1 0 2 4
Mean age 39.00 ± 11.90 29.37 ± 9.01 S m o k e r s 4 (40%) 15 (62.5%) D r i n k e r s 6 (60%) 12 (50%)
Mean exposition in months 0 43.54 ± 32.20 Table 3 Individual distribution of structural and numerical chromosomal aberrations and mitotic index (MI). (E = Exposed, C = Control). Metal dosages and the determination of the a c e t y l c h o l i n e s t e rase activity, along with the enzymes GOT, GPT, AP, ACHE, Cu++, Zn++ and Mn++ are shown in Table 6 . Manganese dosage s h owed higher values in the control than in the exposed gro u p. Statistical analyses of the enzymatic and metals dosage are in Table 7 . Alkaline phosphatase dosage was significantly lower in the exposed gro u p. Ac e t y l c h o l i n e s t e ra s e activity is significantly higher in the contro l g roup (t = 2.309, p<0.05).
The clinical examination re vealed difficulty for digestion re p resented by a fullness sensation after meals (57.5%), as well as irri t a t e d e yes (33.33%), headache (29.17%), tire d n e s s, fasciculation and absence of appetite (20.83%), systemic art e rial hypertension (25.00%) and an i r regular contraction of the muscle fiber, mainly in the arm s.
D i s c u s s i o n
Our study has demonstrated seve ral clinical and toxicological pro b l e m s, as well as an inc rease in the frequency of chromosome aberrations in workers exposed to pesticides in c o m p a rison with non-exposed people.
Se ve ral precautions we re taken to pro t e c t the workers against pesticides fog with pro t e ct i ve garm e n t s, gloves rubber boots, and masks. They we re also instructed to always take a s h ower after each application of pesticides.
Besides all this, contamination has occurred, as re vealed by the presence of seve ral symptoms of chronic intoxication. The main symptoms observed we re related to digestion and e ye irritation. People had headaches, art e ri a l h y p e rtension, tire d n e s s, fasciculation and absence of appetite.
Ac c o rding to Rolak (1993) , fasciculation p resented by the exposed group can be explained by a situation of hypomangnesemeses p resented by them in comparison with the c o n t rol gro u p. In our study, the exposed gro u p s h owed no significant difference of the dosage of copper and zinc compared to the contro l g ro u p. Unless the workers had an indication of hepatic altera t i o n s, it is difficult to say that the symptoms related to the digestion we re caused by metal contamination.
The levels of two enzymes (acetylc h o l i n e s t e rase and alkaline phosphatase) we re found to be altered in the exposed gro u p. Ac e t y l c h o l i n e s t e rase activity was low in both g roups studied, but in the exposed group it was significantly lower than in the contro l g ro u p. The level of this enzyme is lower when t h e re are hepatic lesions caused by contamination with organophosphate insecticides or cyc l o p h o s p h a m i d e, or in hepatic lesions with necro s i s. Larini (1993) has described an i n h i b ition of the sterase center of acetylc h o l i n e s t e rase by the insecticides. Its function is to avoid that the acetylcholine splits into choline and acetic acid. The lower acetylc h o l i n e s t e rase activity in the control group can be explained by the chronic ingestion of alcoholic beve ra g e s. This group was selected to be as much as possible similar to the exposed g ro u p, with the exclusion, of course, of the exp o s u re to pesticides. T h e re f o re, they also could h a ve been influenced by that factor, re ve a l e d by the low level of the enzyme.
L ow and moderate elevation of the alkaline phosphatase can occur in the serum of patients with hepatic dysfunction. In the exposed gro u p, the level of this enzyme was significantly elevated in comparison to the cont rol gro u p. Table 4 S t ructural aberrations and mitotic index in the groups studied.
Number of
Number of Total Bre a k s C e n t romeric Bre a k s Mitotic Index i n d i v i d u a l s m e t a p h a s e s m e a n m e d i a n m e a n m e d i a n m e a n m e d i a n Table 6 Individual data of the enzymatic dosage of GOT, GPT, AP, ACHE, Cu++, Zn++ and Mn++ according the smoking and drinking habits in both groups exposed and contro l . S/D = smokers, drinkers; S/ND = smokers, non-drinkers; NS/D = non-smokers, drinkers; NS/ND = non-smokers, non-drinkers; GOT = glutamic oxalacetic transaminase; GPT = glutamic piruvic transaminase; AP = alkaline phosphatase; ACHE = acetylcholinesterase activity. Table 7 Statistical analysis of the enzymatic and metal dosage in the groups studied.
C o n t ro l E x p o s e d s s t G O T 1 4 . 4 ( 5 . 2 ) 1 9 . 1 ( 5 . 5 ) 1 . 9 6 5 G P T 1 9 . 0 ( 9 . 4 ) 2 8 . 1 ( 2 4 . 0 ) 1 . 3 2 6
A P 6 8 . 3 ( 3 8 . 6 ) 1 0 3 . 4 ( 2 9 . 7 ) 2 . 4 7 2 * A C H E 1 . 8 1 ( 0 3 9 ) 1 . 4 6 ( 0 . 3 3 ) 2 . 3 0 9 * C u + + 1 4 . 8 6 ( 5 . 5 3 ) 1 7 . 2 3 ( 3 . 3 7 ) 1 . 3 0 9 Z n + + 1 8 6 . 6 3 ( 4 3 . 6 1 ) 2 1 8 . 9 1 ( 5 4 . 2 7 ) 1 . 4 5 8 M N + + 4 . 3 7 ( 0 . 3 6 ) 2 . 3 6 ( 1 . 2 9 ) 5 . 7 9 3 * * * GOT = glutamic oxilacetic transaminase; GPT = glutamic piruvic transaminase; AP = alkaline phosphatase; ACHE = acetylcholinesterase activity.
